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 本研究では，超音波フリップチップボンディングによる電子デバイスの Au バンプと電
極の接合部を高強度化するため，4 つの手法に関する研究を行った。Au バンプと Au 電極
の接合において，電極の Au 層の厚化およびランプ状接合荷重が接合部せん断強度に及ぼ
す影響を調べた。また，せん断強度の増加に有効である接合面の全域でフレッティング（微








 第 2章では，Auバンプとセラミック基板の Au 電極の接合において，接合部のせん断強








 第 3章では，Auバンプとセラミック基板の Au 電極の接合を対象として，超音波の印加
中に接合荷重をランプ状に増加させる方法が接合部のせん断強度に及ぼす影響を調査した。





 第 4 章では，Au バンプとチップの Al 電極の接合面の全域でフレッティングが起こる接
合を用いた Chip on Chip 接合におけるチップ平行度の影響を調査した。平行度の低下によ












 第 6章では，本研究を総括した。 
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     In this study, to increase the bond strength of the joint of an Au bump and an electrode in 
electronic devices by the ultrasonic flip chip bonding, four methods have been studied. The effects 
of thickening of the Au layer of the electrode and the ramp-up bonding load on the shear strength of 
the joint have been investigated in the bonding of the Au bump and the Au electrode. In addition, 
the bonding method using fretting (reciprocating relative slip with minute stroke) at the whole 
region of the bonding area, which is effective to increase the shear strength of the joint, was picked 
up, and the effect of the parallelism between chips on bonding the Au bump and the Al electrode in 
the Chip on Chip bonding has been investigated. Furthermore, strengthening the joint of the Au 
bump and the Au electrode by the bonding method which applies ultrasonic vibration perpendicular 
to the bonding interface has been investigated. 
     In Chapter 1, the positioning of the assembly technology of the electronic device package in 
the manufacturing of electronic equipment was presented. The significance of the study of the 
ultrasonic flip chip bonding which is effective to miniaturize the packages of inexpensive electric 
devices was described. Also, the problems of this bonding method and the purpose of this study 
were shown and the constitution of this dissertation was explained. 
     In Chapter 2, in the bonding of the Au bump and the Au electrode on the ceramic substrate, 
the effect of thickening the Au layer of the electrode on the shear strength of the joint was 
investigated. As a result, it was clarified that the shear force increases by approximately 50% 
without changing macroplastic deformation amount of the Au bump when the thickness of the Au 
layer thickens from 0.44 µm to 0.91 µm. Thus, it was shown that thickening the Au layer is 
effective in increasing the shear strength of the joint. As the reason for the increase of the shear 
force, it was suggested that microplastic deformation amount at the bonding interface increases due 
to being easier to occur plastic flow by thickening the Au layer. The reason why the macroplastic 
deformation amount of the Au bump becomes constant was seemed that the frictional force between 
the substrate electrode and the Au bump is high due to a rough surface of the substrate electrode and 
thus the effect of the bonding state between the Au bump and the Au electrode on the frictional 
force relatively becomes small.  
     In Chapter 3, in the bonding of the Au bump and the Au electrode on the ceramic substrate, 
the effect of the method using ramp-up bonding load in ultrasonic bonding on the shear strength of 
the joint was investigated. The shear strength of the joint bonded by ramp-up bonding load was 
clarified to increase by 110% compared to that of the joint bonded by the conventional constant 
bonding load in the case of bonding where the height of the Au bump decreases from 78 µm to 30 
µm. Following two reasons for the increase of the shear strength were concluded. The one is that 
fretting at the bonding interface occurs with low bonding load in the early stage of bonding so that 
almost the whole region of the bonding area is bonded. The other is that the true bonded area 
generated by the expansion with the destruction of the bonding inhibitors of the Au bump and the 
Au electrode by fretting increases. 
     In Chapter 4, in the bonding where fretting occurs at the whole region of the bonding area 
between the Au bump and the Al electrode on the chip, the effect of the parallelism between chips 
on the bondability in the Chip on Chip bonding was investigated. It was clarified that the ratio of 
the true bonded area to the bonding area with the Al electrode reaches approximately 65% in all Au 
bumps in the chip even if the bonding areas of Au bumps and Al electrodes has two times difference 
due to the low parallelism between the chips. As the reason why the ratio of the true bonded area 
becomes constant, it was shown that both the shear force by ultrasonic vibration and the pressure by 
bonding load which cause microplastic deformation at the bonding interface are not affected by the 
parallelism of chips. 
     In Chapter 5, the strengthening of the joint of the Au bump and the Au electrode on the 
ceramic substrate by the method using ultrasonic vibration perpendicular to the bonding interface 
was investigated. The shear force of the joint and the macroplastic deformation amount of Au 
bumps were compared to those by the conventional bonding method in which ultrasonic vibration 
parallel to the bonding interface is applied. As a result, it was found that the shear strength becomes 
higher approximately 20% compared to the conventional bonding method when the height 
reduction ratio of the Au bump is in the range of 60 to 64%. In addition, it was shown that the main 
microplastic deformation contributing to the bonding occurs in the contact process of the Au bump 
and the Au electrode not in the fretting process in the bonding area expansion region. Thus, it was 
clarified that the higher bonding load is effective to increase the shear strength of the joint. 
   In Chapter 6, this study was summarized. 
